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(54) CEREBRAL ORGANIC ANION TRANSPORTER AND ITS GENE 



(57) A cerebral organic anion transporter OAT3 
which is useful as a protein regulating the uptake/excre- 
tion of organic anionic substances in the brain; a nucleic 



acid having a base sequence encoding the same; and 
an antibody against the same. The amino acid se- 
quence and the base sequence of the above OATS are 
shown in Sequence Listing in the description. 
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Description 

Technical Field 

5 [0001] The present invention relates to a gene involved in organic negative ion (organic anion) transport and the 
polypeptide encoded by the gene. 

Background Art 

10 [0002] Liver and kidney play Important roles in the metabolism and excretion of biologically foreign compounds and 
drugs out of bodies. Tubule cells and hepatocytes belong to epithelial cells with polarities. It is supposed that some of 
anionic substances are taken up through the basolateral membranes into kidney and liver by transporters, while the 
organic anions generated metabolically in cells are excreted by transporters. 

[0003] The uptake of organfe anions through the basolateral membranes of tubule cells and hepatocytes have been 
15 investigated so far in experiment systems using isolated organ perfusion protocols, dissected cells and membrane 
vesicles. According to such conventional methods, however, the detailed analysis of the transport of organic anions 
through the basolateral membranes has been difficult. Accordingly, It has been desired to Isolate the transporters per 
se and analyze the properties of transporters in detail. 

[0004] Alternatively, plural experimental results suggestively indicate the presence of the transport of organic anions 
20 in brain. The transport of organic anions in brain is supposed to function for the extracerebral excretion of endogenous 
and exogenous organic anions. 

[0005] Although the transport of organic anions in brain is speculated to play an important rote in the elimination of 
endogenous anions and foreign compounds from brain, the detail of the transport therein is more ambiguous than the 
transport in kidney and liver, due to the difficulty in physiological experiments therein. 

25 [0006] Based on these backgrounds, the screening of the organic anion transporter molecules per se has been 
actively carried out in 1 990 and thereafter. Consequently, two organic anion transporters derived from the basolateral 
membrane of liver have been isolated until the last year. (Hagenbuch, B. et al., Proc. Natl. Acad. Sci. USA. Vol. 88. 
pp. 10629-33. 1991; Jacquemin, E. et al., Proc. Natl. Acad. Sci. USA, Vol. 91 , pp. 133-7, 1994) 
[0007] The present inventors independently isolated an organic anion transporter OAT1 responsible for the most 

30 important function in the organic anion transport in kidney successfully last year (Sekine, T, et al.. J. Biol. Chem.. Vol. 
272, pp. 18526-9, 1997) and already filed the patent application thereof . 0AT1 Is a transporter capable of transporting 
a great number of organic anions with different chemical structures and is also Involved in the transport of various 
anionic drugs. 0AT1 is expressed in a specific mannerto kidney, while 0AT1 is very slightly expressed in brain except 
kidney. 

35 [0008] Recently, the inventors have further identified a liver-specific organic anion transporter (0AT2) with about 40 
% homology to 0AT1 in terms of amino acid level (FEBS letter. Vol. 429. pp. 1 79-1 82. 1 998) (Japanese Patent Appli- 
cation No. 169174/1998). 

[0009] The isolation and identification of 0AT1 and 0AT2 Indicates that these organic anion transporters form a 
family. Additionally because OAT2 is expressed specifically in liver, it is suggested that the family is not kidney-specific 

40 but is expressed in various organs. 

[0010] As described insofar, it is suggested that an organic anion transport system is present in brain, but the 0AT1 
expression in brain is quite slight while 0AT2 is not present therein. Based on these findings, the Inventors have 
anticipated the presence of an unknown transporter responsible for the organic anion transport in brain. 
[001 1 ] Alternatively, the organic anion transport in the basolateral membrane of liver is complicated; particularly, the 

45 efflux flow of conjugated substances (many of the conjugated substances are organic anions) generated at a vast scale 
In hepatocytes Into blood has not yet been known. The organic anion transport in liver cannot sufficiently be described 
on the single basis of the organic anion transporters including OAT2. Hence, the presence of an unknown transporter 
is suggested. 

[0012] The Inventors isolated the organic anion transporter OAT1 serving as the most important rote in the organic 
50 anion transport in kidney (Sekine, T et al.. J. Biol. Chem. Vol. 272, pp. 18526-9, 1 997). Based on the structural similarity 
to OAT1, the inventors identified a liver-specific organic anion transporter (0AT2) (Sekine, T, et al., FEBS letter, Vol. 
429, pp. 179-182, 1998). The inventors already reported additionally (Sekine. T, et al., J. Biol. Chem., Vol. 272, pp. 
1 8526-9, 1997) that OAT1 had low homology to an organic catton transporter OCT1 (Grundemann, D. et al.. Nature, 
Vol.372, pp. 549-52, 1994). 

55 [0013] Taking account of these evidence, the inventors Identified a sequence common to 0AT1 , 0AT2 and OCT1 
and prepared a degenerate primer based on the sequence. By using the degenerate primer, the inventors identified a 
novel cDNA fragment with low homology to 0AT1 , OAT2 and OCT1 from rat brain mRNA by RT (reverse transcript)- 
PCR (polymerase chain reaction) method. By using the cDNA fragment, a cDfslA never reported yet was discriminated 
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from the rat cDNA library. The resulting protein was designated cerebral type organic anion transporter 0AT3 as a third 
member of the OAT family. 

Disclosure of the Invention 

5 

[0014] The invention relates to the organic anion transporter 0AT3. The inventive organic anion transporter 0AT3 
isatransporterwithawlde range of substrate seiectivity and transports organic anions with different chemical structures 
(having a potency to take up the organic anions). However, no substantial uptake of a typical organic cation TEA 
(tetraethylammonium) is observed. Hence, the inventive organic anion transporter 0AT3 with a wide range of substrate 

10 selectivity is an organic anion transporter with no substantial substrate selectivity of TEA (tetraethylammonium) as the 
typical organic cation but is selectively distributed in organs mainly including brain and liver 
[0015] The inventive protein includes the organic anion transporter 0AT3 of an amino acid sequence represented 
by SQ ID No. 2 (in human) or 4 (in rat) or of an amino acid sequence with such a modification of the aforementioned 
amino acid sequence as deletion, substitution or addition of one or several amino acids. The deletion, substitution or 

15 addition of amino acids is satisfactory at an extent such that no organic anion transport activity is deteriorated; the 
number of the amino acids then is generally 1 to about 110, preferably 1 to about 55, Such protein has generally 60 
to 80 %, preferably 70 to 90 % homology in amino acid sequence to the amino acid sequence represented by SQ ID 
No. 2 or 4. 

[0016] Furthermore, the invention encompasses a nucleic acid, preferably DfslA or RNA, encoding the inventive 
20 protein comprising the organic anion transporter OAT3. The inventive nucleic acid encompasses the nucleic acid en- 
coding the inventive protein and nucleic acids hybridizable with the nucleic acid under stringent conditions. 
[001 7] Stiil furthermore, the invention relates to a partial sequence of the nucleic acid encoding the inventive protein 
or nucleotides hybridizable with the partial sequence under stringent conditions. 

[0018] Still yet furthomaorc, the invention relates to an antibody against the inventive protein or a polypeptide immu- 
25 nologically identical to the inventive protein. 

Brief Description of the Drawings 

[O019] 

30 

Fig. 1 depicts the organic anion uptake activity of the inventive rat OATS expressed in Xenopus oocyte; 

Fig. 2 depicts the results of kinetic analyses of the transport of PAH, estrone sulfate and ochratoxin A with the 

inventive rat OATS in the oocyte; 

Fig. 3 depicts the results on the inhibition of the organic anion transport with the inventive rat OATS by various 
35 organic substances; 

Fig. 4 depicts the results of the Northern blotting analysis of the inventive rat OATS gene; 
Fig. 5 depicts the results on the inhibition of the rat OATS transport by various metabolites of cerebral type neu- 
rotransmitters; 

Fig. 6 depicts the uptake activity of ""^C-PAH (p-aminohippuric acid) when the inventive hOATS was expressed in 
40 Xenopus oocyte; 

Fig. 7 depicts the uptake activity of ^H-estrone sulfate when the inventive hO ATS was expressed in Xenopus oocyte; 
Fig. 8 depicts the uptake activity of ^H-dehydroepiandrosterone sulfate when the inventive hOAT3 was expressed 
In Xenopus oocyte; 

Fig. 9 depicts the uptake activity of ^H-ochratoxin A when the inventive hOATS was expressed in Xenopus oocyte; 
45 Fig. 1 0 depicts the uptake activity of 3H-cimetidine when the Inventive hOAT3 was expressed In Xenopus oocyte; 

Fig. 1 1 depicts the uptake activity of ^H-estradiol glucuronide when the inventive hOATS was expressed in Xenopus 
oocyte; 

Fig. 12 depicts the uptake activity of ^H-prostaglandin E2 when the inventive hOAT3 was expressed In Xenopus 
oocyte; 

so Fig. 1 3 depicts the uptake activity of ^'^-taurocholic acid when the inventive hOATS was expressed in Xenopus 

oocyte; 

Fig. 1 4 depicts the uptake activity of ''^c-glutaric acid when the inventive hOATS was expressed in Xenopus oocyte; 
Fig. 1 5 depicts the uptake activity of ^H-methotrexate when the inventive hOATS was expressed in Xenopus oocyte; 
Fig. 1 6 depicts the uptake activity of "i^c-salicylic acid when the inventive hOATS was expressed in Xenopus oocyte; 
55 Fig. 17 depicts the uptake activity of ^^C-indomethacin when the inventive hOAT3 was expressed in Xenopus 

oocyte; 

Fig. 1 8 depicts the uptake activity of "i^-cholic acid when the inventive hOATS was expressed in Xenopus oocyte; 
and 
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Fig. 19 depicts the results on the inhibition of the transport of ^H-estrone sulfate with the inventive hOAT3 by 
various organic substances. 

Best Mode for Canning out the Invention 

5 

[0020] The inventive organic anion transporter gene can be isolated and identified by screening of tissues and cells 
of organs such as kidney and brain in appropriate manmnalian aninnals used as gene sources. The mammalian animals 
Include non-human animals such as dog, cow. horse, goat, sheep, monkey, pig, rabbit, rat and mouse and additionally 
include human. 

10 [0021] The gene screening and isolation can preferably be carried out by homology screening and PGR screening. 
The base sequence of the resulting cDNA is determined by a conventional method; the translation region is analyzed; 
and the amino acid sequence of the protein encoded by the cDNA, namely the amino add sequence of 0AT3, can be 
detennined. 

[0022] It is verified for example by the following manners that the resulting cDNA is the cDNA of the organic anion 
15 transporter gene, namely that the genetic product encoded by the cDNA is the organic anion transporter. More spe- 
cifically, the cRNA prepared from the isolated 0AT3 gene is integrated and expressed in the oocyte; then, the transport 
(uptake) potency of organic anions in cells is confimned by assaying the Incorporation of an appropriate organic anion 
as the substrate in cells by the general uptake experiment (Sekine, T , et al., J. Biol . Chem., Vol. 272, pp. 1 8526-9. 1 997). 
[0023] By applying the same uptake experiment to the expression cell, the transport property and substrate specificity 
20 of OAT3 can be examined. 

[0024] The SQ ID No. 3 in the sequence listing shows the base sequence of the cDNA of the rat organic anion 
transporter OAT3 isolated by such method; and SQ ID No. 4 shows the amino acid sequence thereof. 
[0025] By using the cDNA of the resulting OAT3 gene for screening an appropriate cDNA library or genomic DMA 
library prepared by using a different gene source, a homologous gene or chromosomal gene derived from a different 
25 tissue or a different biological organism or the homology can be isolated. 

[0026] The base sequence of thecDNAof human organic anion transporter 0AT3 identified by such method is shown 
as SQ ID No. 1 and the amino acid sequence thereof is shown as SQ ID No. 2. 

[0027] By using a synthetic primer designed on the basis of the base sequence as the base sequence (SQ ID No. 
1 or 3) of the inventive gene disclosed or a part of the information thereof, the gene can be isolated from the cDNA 

30 library by general PGR. 

[0028] DN A libraries such as cDNA library or genomic DNA library or the like can be prepared by the method described 
in for example "Molecular Cloning; Sambrook, J., Fritsh, E. F. and Maniatis, T. ed., issued by Cold Spring Harbor 
Laboratory Press in 1989". Othenwise, any existing commercially available library can satisfactorily be used. 
[0029] The inventive organic anion transporter (QAT3) can be generated by using for example cDNA encoding the 

35 organic anion transporter by genetic recombinant technology. For example, DNA (cDNA and the like) encoding the 
organic anion transporter is integrated in an appropriate expression vector, and the resulting recombinant DNA can 
then be transfected in an appropriate host cell. The expression system (host vector system) for polypeptide generation 
includes for example expression systems of bacteria, yeast, insect cells and mammalian cells. Among them, insect 
cells and mammalian cells are preferably used for the recovery of the functional protein. 

40 [0030] For the expression of the polypeptide in mammals, for example, the DNA encoding the inventive organic anion 
transporter is inserted in the downstream of an appropriate promoter (for example, SV40 promoter, LTR promoter, 
elongation la promoter and the like) in an appropriate expression vector (for example, retrovirus vector, papilloma 
virus vector, vaccinia virus vector, SV40 vector and the like) to construct an expression vector. By subsequently trans- 
forming an appropriate animal cell with the resulting expression vector and culturing the transf omnant in an appropriate 

45 culture medium, the objective polypeptide can be generated. The mammalian cell as the host Includes monkey GOS- 
7 cell, Chinese hamster CHO cell, human HeLa cell, or cell lines such as kidney tissue-derived primary culture cell, 
porcine kidney-derived LLC-PK1 cell and opposum kidney-derived OK cell and the like. 

[0031 ] As the cDNA encoding the organic anion transporter OATS, use can be made of cDNA with the base sequence 
represented by SQ ID No. 1 or 3; as the cDNA. with no specific limitation to the cDNA described above, additionally, 

50 DNA corresponding to the amino acid sequence is designed and used, which can encode the polypeptide, in this case, 
it is known that each amino acid is encoded by one to 6 types of codons, so codons for use can be selected appropriately. 
For example, a sequence with higher expression can be designed, in terms of the frequency of codons used by a host 
for expression. DNA with the designed base sequence can be recovered by chemical DNA synthesis, fragmentation 
and conjugation of the cDNA, and a partial modification of the base sequence. An artificial partial modification of the 

55 base sequence or mutagenesis thereof can be earned out by site specific mutagenesis, by utilizing a primer comprising 
a synthetic oligonucleotide encoding the desired modification "Mark, D. F, et al., Proc. Natl. Acad. Sci. USA, Vol. 8, 
pp. 5662-5666, 1984". 

[0032] Nucleotides (oligonucl otide or polynucleotide) hybridizable with the inventive organic anion transporter gene 
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under stringent conditions can be used as probe for detecting the organic anion transporter gene and can also be used 
for example as antisense oligonucleotide, ribozynne and decoy, so as to nnodify the expression of the organic anion 
transporter. 

[0033] In accordance with the invention, the term hybridization under stringent conditions generally means hybridi- 

5 zation in 5 x SSC or a hybridization solution at a salt concentration equal to the concentration under a temperature 
condition of 37 to 42 ''C for about 1 2 hours, followed by preliminary rinsing in 5 x SSC or a solution at a salt concentration 
equal to the concentration and rinsing in 1 x SSC or at a salt concentration equal to the concentration. Higher stringency 
can be realized by carrying out rinsing in 0.1 x SSC or a solution at a salt concentration equal to the concentration. 
[0034] Additionally, the invention relates to a partial sequence of the nucleic acid encoding the inventive protein or 

10 nucleotides hybridizable with the sequence under stringent conditions. As such nucleotides, generally, use can satis- 
factorily be made of nucleotides comprising a partial sequence of consecutive 14 or more nucleotides in series in th 
base sequence represented by SQ ID No. 1 or 3 or a sequence complementary to the partial sequence; so as to 
enhance the specificity of the hybridization, a longer sequence, for example a sequence of 20 bases or more or a 
sequence of 30 bases or more, can satisfactorily be used as such partial sequence. These nucleotides can be labeled, 

15 if necessary, with radioactive elements, fluorescent substances or chemiluminescent substances. 

[0035] The nucleotides comprising a partial sequence of consecutive 1 4 or more base in series in the inventive base 
sequence represented by SQ ID No. 1 or 3 or a sequence complementary to the partial sequence preferably carries 
the specific base sequence of the base sequence encoding the inventive organic anion transporter 0AT3 and can 
satisfactorily be labeled, if necessary. 

20 [0036] By using the inventive organic anion transporter or a polypeptide immunologically identical thereto, addition- 
ally, an antibody can be raised. The antibody can be utilized for detecting or purifying the organic anion transporter. 
The antibody can be raised, by using the inventive organic anion transporter, a fragment thereof, or a synthetic peptide 
with a partial sequence thereof or the like as an antigen. The antibody if polyclonal, can be generated by general 
methods comprising inoculating such antigen in a host animal (for example, rat and rabbit) and recovering the resulting 

25 immunized serum. The antibody, If monoclonal, can be generated by techniques such as general hybridoma method. 
Further, the inventive antibody is satisfactorily prepared as chimera fonri or humanized antibody. 

Best Mode for Canying out the Invention 

30 [0037] The description is now made in more detail in the following examples, but the examples are in no way of 
limitation of the invention. 

[0038] In the following examples, the individual procedures followed the methods described in "Molecular Cloning; 
Sambrook, J., Fritsh, E. F. and Maniatis, T ed., issued by Cold Spring Hart)or Laboratory Press in 1989" or followed 
the instructions of commercially available kit products if used, unless othenwise stated. 

35 

Example 1 

Isolation and analysis of multi-selective organic anion transporter 3 (0AT3) cDNA 

40 [0039] (1) Preparation of degenerate primer based on the base sequence information of 0AT1 , 0AT2 and 0CT1 
[0040] Based on the base sequence information of 0AT1 and 0AT2 isolated previously by the Inventors and the 
reported base sequence infomaation of 0CT1 , degenerate primer was prepared with reference to amino acid sequences 
in common to these three transporters (amino acids 267-275 and amino acids 447-452 in the amino acid sequence of 
OAT1). 

45 [0041] From rat brain was extracted total RNA by GITC method; and poly(A) + RNA was then purified by using an 
oligodT column. From the rat brain poly(A) + RNA was prepared cDNA by using reverse transcriptase; using the re- 
sulting cDNA as template, PGR was conducted with the degenerate primer. Consequently, a PGR product of about 
550 bp was prepared. 

[0042] By using a TA cloning kit (manufactured by Invitrogen Co.), the PGR product was cloned; and some of the 
50 base sequence was determined. Consequently a novel cDNA (BIO) with homology at the level of 50 % to 0AT1 in 
terms of amino acid level was recovered. 

[0043] A probe prepared by labeling BIO cDNA with 32p was used for Northern hybridization with poly(A) + RNA 
extracted from various rat organs. Positive bands were visually detected in the liver, kidney brain and eyes. 
[0044] Because the inventors had an excellent cDNA library of rat kidney, the inventors screened the rat kidney 
55 cDNA library by using the 81 0 probe. Hybridization was promoted overnight in a hybridization solution at 37 °C. There- 
after, the filter membrane was rinsed in 0.1 x SSC/0.1 % SDS at 37 ''C. As the hybridization solution, use was made 
of a buffer, pH 6.5 containing 50 % formamide, 5 x standard saline citrate (SSC), 3 x Denhard solution, 0.2 % SDS, 
1 0 % dextran sulfate, 02 mg/ml modified salmon sperm DMA, 2.5 mM sodium pyrophosphate, 25 mM MES, and 0.01 
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% Antifoam B (manufactured by Sigma, Co.). The done isolated in >^pLox was further sulscloned in a plasmid vector 
pZL by in vivo excision method. Consequentiy, a novel clone (rk1411) with an organic anion transport activity was 
recovered (Example 2 below is to be referenced concerning transport function analysis). 

[0045] Th base sequence of the clone (rk1 411 ) recovered above was determined as follows. By firstly using a kilo- 
5 sequence deletion kit (manufactured by TaKaRa, Co.), plural plasmid DNAs were prepared by subjecting the done 
rkl 41 1 to each deletion of about 300 bp from the single side thereof. The base sequences of the DNAs were detemnined 
by using an automatic sequencer (manufactured by Applied BioSystems). Additionally, a specific oligonucleotide primer 
for rk1411 was prepared; by using the automatic sequencer, the base sequences thereof were also analyzed from the 
opposite direction. Finally, the whole base sequence of rk1411 was determined. The base sequence is shown as SQ 
10 ID No. 3 in the sequence listing. Additionally, the amino acid sequence of the protein is shown as SQ ID No. 4. 

Example2 (Identification of the function of rk1411) 

[0046] 

15 

(1) By using T7 RNA polymerase, cRNA (RNA complementary to cDNA) was prepared in vitro from the plasmid 
carrying the clone (rk1411 ) as described above (see Sekine, T, et al. J. Biol. Chem.. Vol. 272, pp. 1 8526-9, 1 997). 

According to the method already reported (Sekine, T, et al. J. Biol. Chem., Vol. 272, pp. 18526-9, 1997), the 
resulting cRNA was injected in the Xenopus oocyte; the oocyte was subjected to an uptake test with various 

20 radiolabeled organic anions and organc cations. As shown in Fig. 1 , consequently, the oocyte in which rkl 411 

was expressed could take up ""^C-PAH (p-aminohippuric acid), ^H-ochratoxin A and ^H-estrone sulfate. Alterna- 
tively, the oocyte never transported one typical organic cation "''^C-TEA (tetraethylammonium). 

The organic anion transport with rk1411 was subjected to the Michaelis-Menten dynamic test. By examining 
the change in the uptake of PAH, estrone sulfate and ochratoxin A at various concentrations, the dependency of 

25 the rkl 41 1 transport on the concentrations of these substrates was examined. The uptake experiments of radiola- 

beled PAH, estrone sulfate and ochratoxin A were earned out by using the oocyte Injected with rk1411 cRNA 
according to the method described above. The results are as follows (see Fig. 2): the Km values of PAH, estrone 
sulfate and ochratoxin A were 4.7 ^iM, 2.3 jxM and 0.74 jiM, respectively. The results are shown below in Table 1 . 



Table 1 



35 



Results of Michaelis-Menten dynamic test 




Km OiM) 


Vmax (pmol/hr/oocyte) 


Vmax/Km ([il/hr/oocyte) 


PAH 


64.7 ±10.0 


23.3 ±2.8 


0.360 


Estrone sulfate 


2.34 ±0.20 


7.60 ±0.44 


3.24 


Ochratoxin A 


0.739 ±0.1 78 


3.08 ±0.33 


4.17 



(2) So as to examine the substrate selectivity of rkl 411 , various anionic substances were added to the ^H-estrone 
^° sulfate uptake experiment system with the oocyte injected with rkl 41 1 cRNA. to examine their influences (inhibition 

experiment). The ^H-estrone sulfate uptake experiment was conducted by using the oocyte injected with rk1411 
CRN A according to the method described above. In the presence and absence of 1 mM each compound (with no 
label), the uptake of ^H-estrone sulfate was assayed. Consequently, various anionic substances (taurochollc acid, 
cholic acid, bromosulfophthalein, probenecid, indocyanine green, bumetanide, cefoperazone, pyroxicam, furosem- 
ide, azidothymidine, benzylpenicillin and the like) significantly inhibited the ^H-estrone sulfate transport with rk1411 
(see Fig. 3). Meanwhile, cationic substances such as tetraethylammonium, guanidine, quinldine and berapamil 
never exerted any such inhibitory action (see Fig. 3). The results indicate that rkl 411 is a multi-selective transporter 
and primarily recognizes organic anions. Hence, ri<1411 was designated 0AT3 (organic anionic transporter 3) as 
a third member of the OAT family. 

50 

Example 3 

[0047] The expression of the 0AT3 gene in individual rat tissues was analyzed (Northern blotting). The 0AT3 cDNA 
in the whole length was labeled with ^P-dCTP; by using the resulting cDNA as probe, RNAs extracted from various 
rat tissues were subjected to Northem blotting as follows. 3 ^ig of pbly(A) + RNA was electrophoresed on 1 % agarose/ 
formaldehyde gel and subsequently transferred on a nitrocellulose fitter The filter was hybridized overnight in a hy- 
bridization solution containing the whole length of the 32p^CTP-labe!ed OAT3 cDNA at 42 *C. The filter was rinsed in 
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0.1 X SSC containing 0.1 % SDS at 65 *C. 

[0048] The Northern blotting results (see Fig. 4) indicate that a strong band was detected around 2.4 Kb In the RNAs 
from the kidney, liver and brain. Visually weak expression was also observed in the eyes. 

5 Example 4 

[0049] Because 0AT3 was most strongly expressed in brain among the members of the OAT family, an attempt was 
made to deduce the role thereof in brain at an inhibition experiment of the OATS transport with various metabolites of 
neurotransmitters (mainly organic anions). As shown in Fig. 5, noradrenalin and serotonin metabolites Inhibited the 
10 OAT3 transport of estrone sulfate, suggesting a possibility that these metabolites per se might be substrates of 0AT3. 
The evidence indicates that OATS has an action to excrete neurotransmitter metabolites out of brain as one function 
of cerebral type OATS. 

Example 5 

IS 

Isolation and analysis of human-type multi-selective organic anion transporters (OATS) cDNA 

[0050] EST (expressed sequence tag) data base was screened by using the rat OATS cDNA Isolated previously by 
the inventors. Human EST clone (H20345) with high homology to the rat OATS was identified. A part (333 bp) of the 
20 base sequence of the clone was synthesized by PGR. The cDNA fragment was labeled with ^P, which was then used 
as probe for the following screening, 

[0051] The human kidney cDNA library maintained by the inventors was subjected to screening with the probe. 
Hybridization was effected all day long and overnight in a hybridization solution at 37 "G; subsequently, the filter mem- 
brane was rinsed in 0.1 x SSC/0.1 % SDS at 37 "^C. As the hybridization solution^ use was made of a buffer, pH 6.5, 

25 containing 50 "/ofonnamide, 5 X SSC (standard saline citrate), 3 x Denhard solution, 0.2 % SDS, 10 % dextran sulfate, 
0.2 mg/ml modified salmon sperm DNA. 2.5 mM sodium pyrophosphate, 25 mM MES, and 0.01 % Antifoam B (man- 
ufactured by Sigma, Co.). The clone isolated in XZipLox was further subcloned in a plasmid vector p2L by in vitro 
excision method. Consequently, a novel human organic anion transporter 3 (hOATS) with an organic anion transport 
activity was recovered. The analysis of the transport function thereof Is described below in Example 6. 

30 [0052] The base sequence of hOAT3 was detemnined by the following method. Oligonucleotide primers specific to 
hOATS were sequentially synthesized. By using an automatic sequencer (manufactured by Applied BioSystems, Co.), 
the base sequence was analyzed, starting from both the 5'- and S'-tenmini. Finally, the whole base sequence of hOATS 
was determined. The detemnined base sequence is shown as SO ID No. 1 in the sequence listing. Based on the cDNA 
sequence, the amino acid sequence encoding hOATS Is described as SO ID No. 2 in the sequence listing, 

35 [0053] The base sequence of the cDNA is shown in Table 2. while the amino acid sequence is shown in Table 3. in 
a corresponding manner. 
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Table 2 



Base sequence of hOAT3 cDNA 



10 20 30 40 50 60 

CmSCTGCC CTACTACAiaC AGCT5CCGGC CCCTASGACA 6A6CAG6GAC CTCAACTACA 

TO 80 90 100 no 120 

CTGATCACCA SCCCCATCSfi ATCCAGACCC SSCCACCAGC TCTGGCTCGT CTTBCCCCAG 

t30 UQ 150 160 170 180 

TSCCATGACC TTCTC6GASA TCCTGfiACCfi TfirSGGAAeC ATSGQCCATT TCCAGTTCCT 

190 200 210 220 230 240 

6CATGTAGCC ATACT6G6CC TCCC6ATCCT CAACATBSCC AACCACAACC TGCTGCAGAT 

250 2S0 210 280 290 300 

crrcACAacc eccAccccTG tccaccacts Tcecccscce cacaatgcct ecACAGcecc 

310 320 330 340 350 360 

TTeGGTGCTC CCCAT5GGCC CAAATGeGAA 6CCTGA6A6G TGCCTCC6TT TTGTACATCC 

370 380 300 400 410 420 

GCCCAATGCC AGCCT6CCCA ATGACACCCA GAGGGCCATG GAGCCATGCC TG6ATG8CTG 

430 440- 430 460 470 4B0 

6STCTACAAC AQCACCAAG6 ACTCCATTGT GAOAGAGTSfi GACTT56TST 8CAACTCCAA 

480 500 510 S20 530 540 

CAAACTGAAG SAGATGGCCC ASTCTATCTT CATSSCAGGT ATACTGATTS fiAfifiGCTCfiT 

550 560 570 5~80 580 600 

GC7TSGA6AC CTGTCTGACA SGT7TGGCCG CAG6CCCATC CT6ACCTGCA SCTACCTSCT 

610 620 630 640 650 660 

GC7GSCAGCC AGCGGCTCCfi GTSCAGCCTT CA6CCCCACC TTCCCCATCT ACATGeTCTT 

670 680 630 700 710 720 

CCGCrrCCTG TSTGGCTTTG GCATCTCA66 CATTACCCTG A6CACC6TCA rCTTGAATGT 

730 740 750 760 770 780 

GGAATGGGTG CCTACCCGGA TGCGGGCCAT CATGTCGACA 6CACTC6GGT ACTGCTACAC 

790 SCO 810 B20 830 840 

CTTTS6CCA6 TTCATTCTSC CCS6CCTGGC CTACSCCA7C CCCCA6T6GC STTfifiCTGCA 

850 880 870 880 890 90.0 

GTTAACTGT6 TCCATTCCCr 7CrTC6rcrr CTTCCTATCA TCCT6GTG6A CACCA6A6TC 

910 820 930 940 9S0 960 

CATAC6CT6G TTGGTCr7GT CTSGAAAGTC CTC6GAGGCC CTGAAfiATAC TCCfiSCSGST 

970 380 930 10OO 1010 1020 

6GCT6TCTTC AATSGCAAGA AGSAAGAGGG AGAAAGGCTC AGCTTGGA6G AGCTCAAACT 

T030 1040 jOSO 1080 1070 iOdO 

CAACC7GCA6 AAGGAGATCT CCTTSGCCAA 6GCCAAGTAC ACCfiCAASTS ACCTGTTCCG 

1090 noo mo i (20 luo 1140 

GATACCCATG CTGC6CCGCA TGACCTTCTS TCTTTCCCTG GCCT6STTT5 CTACCGSTTT 
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M50 U60 • ItTO llflfl tiso 1200 

TSCCTACTAT AGTTTGGCTA TGGSTGTGGA AGAATTTGGA GTCAACCTCT ACATCCTCCA 

I2tO 1220 1230 12Afl 1250 12€0 

SATCATCTTT 6GTGCG6TCG ATSTCCCAGC CAASTTCATC ACCATCCTCT CCTTAAGCTA 

1270 t2fl0 1290 1300 13t0 1S20 

CCTfififiCCSG CATXCCACTC AaGCCGCTGC CCTGCTCCTG GCAG6AGGSG CCATCTTGGC 

1330 1340 1350 1360 1370 1 3S0 

TCTCACCTTT GTSCCCTTGG ACTTSCA6AC CGT6AGGACA GTAtTeSCTG TBTTTHBSAA 

1390 1400 1410 1420 1430 1440 

eeSATGCCTA TCCAGCTCCr TCAGCTfiCCT CTTCCTCTAC ACAA6TGAAT TATACCCCAC 

MSO (460 1470 14S0 1490 1500 

AGTCATCA6G CAAACASSTA TfiGGCGTAAG TAACCTGTSG ACCC6CGT6G BAA6CATGGT 

15,0 1320 1530 1540 ISSO tSSO 

6TCCCCGCTG 6TGAAAATCA CSG6TGAG6T ACAGCCCTTC ATCCCCAATA TCATCTACGG 

1570 1580 1530 1600 1610 1620 

GATCACC6CC CTCCTCGGG6 GCAGTSCTGC CCTCTTCCTB CCTGAfiACCC TGAATCAGCC 



1630 1640 1650 

CTTGCCAGAG ACTATCGAAG ACCTG6AAAA 

1090 1700 1710 

GGAG^CAGAG GTGGAAAAGG CCTCCCAGAG 



1660 167Q 16S0 

CTGGTCCCTG CGGGCAAAfiA A6CCAAAGCA 

1720 1T30 1740 

GATCCCTCTA CAGCCTCACG fiACCAGeCC7 



t730 1760 1770 1760 1T90 1800 

SGGCTCCAGC TGAGGACAAC 6GAACCCCCT 7TCCCTGCCC TCCAfiA6AC7 fiATCCTASCC 

taiO 1 820 1830 1840 1850 1360 

AGGCACCTTA 6GA6TATAGG GAGGCCCCAT ATAGGTCCAT CCTCCTAGGA T6AA6CCTTC 

1870 1880 1890 1900 1910 1920 

TGAGAGCTTG GTSAAGGTGT CTCCATCACC ACCACCAGAG CCTCCT6CCC AGCCCT6SCC 

1O30 1940 T350 1960 1970 1980 

A6TTCAAAGG TTCASCCATC CCTGCCC7TG TTCTCCCTGC AACGCAGGCC CTGCCATTCT 

1990 2000 2010 2020 2030 2040 

TCTGTCTAGC CCTTCCCCAC TGSCCACCTT CCCCCACTGT CCCGGTCCTC TTCCCCTGAG 

Z050 2060 2070 2Q8Q ZQ90 2100 

GTCCCCTGAT ATCCCCTSGC TCASTCCTAA CAAGAC7SAG TCTTAACAAG AtGAGAASTC 

2110 2120 2130 2140 2150 21 50 

CTCCCCTTCT reCCTCCCAC ACTTTTCTTT 6ATQ6eAG6T TTCAA7AAAC AGCGATAAGA 

2170 2180 2190 2200 2210 2220 
ACTCTAAAAA AAAAAAAAA • 
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Table 3 

Base sequence of hOAT3 amino acid 



133 (42 151 160 169 178 

5' AT6 ACC TTC TC6 6A& XTC CTS SAC CST BTS 6GA AGC ATG €GC CAT TTC CAS TTC 

Hat Thr Ph« Sar SlU I l« Leu A^p Affl VaJ fily Sc r tSat 6ly His Phft Sin Ph« 

187 136 lOS 214 223 232 

CTS CAT STA GCC ATA CT<5 BSC CTC CCS ATC CTC AAC ATS SCC AAC CAC AAC CT6 

Lau HiG Vs I Ala I le Leu 6iy Lou Pro He Lau Asn Bet kla Asn His Asn Leu 

241 25fl 259 268 171 28€ 

CTS CAS ATC TTC ACA SCC 6CC ACC CCT 6TC CAC CAC TGT CSC CCS CCC CAC AAT 



Lau Bin 11« Pha Thr Ata AU Thr P r« Va » His His Cya Ara Pro Pro His Asn 

20 

295 304 2\2 331 340 

GCC TCC ACA GS6 CCT TSS €T8 CTC CCC ATS GGC CCA AAT 6S& AAS CCT GAS AGG 

Ala Sar Thr fily Pro Trp Va I Lou Pro Mot Sly Pro Asn 6ly Lys Pre fiJu Arc 

25 338 367 376 385 384 

Tec CTC CCT TTT STA CAT CCS CCC AAT GCC AfiC CTG CCC AAT GAC ACC CA6 AGS 

Cyfi tbu Ara Pfs^ Vol Nis Pro Pro Asn Ala Ser leu Pro Asn Asp Thr OIn Arg 



403 412 42f 430 433 448 

GCC ATG GAS CCA TGC CTS GAT GGC TGG GTC TAG AAC AGC ACC AAG GAC TCC ATT 



Ala Uet Slu Pro Cyfi L&u Asp Gly Trp Val Tyr Asn 5«r Thr Lr» Asp 3dr He 

ASl 466 «7S 484 4d3 802 

GT6 ACA GAG TGG GAC TT6 GTG TGC AAC TCC AAC AAA CT3 AAG SAG ATG SCC CAS 

Val Thr Slu Trp Asp Lau Va 1 Cys Asn.Ssr Asn Lys Lea Lys GIu Uet Aia Stn 

511 520 5Z8 538 547 556 

TCT ATC TTC ATG SCA S6T ATA CTS ATT G6A GGG CTC GTS CTT GGA GAC CT6 TCT 



Ser He Phe Uet Ala Sly 1 le Leu I ]e Gly Gly L«u Val Lau Giy Asp Leu Sor 

565 574 583 582 SOI 610 

GAC AGS TTT 66C CSC AS€ CCC ATC CTS ACC TGC AGC TAC GTG CTG CTG 6CA GCC 

Asp Ara PHa Gly Arg Arg Pro H« Leu Thr Cys Set Tyr Lau Lau LaU. A I a Ala 

815 62S 637 64S 655 6G4 

AGC GGC TCC GGT 6CA GCC TTC AGC CCC ACC TTC CCC ATC TAC ATS STC TTC CSC 

Sar Gly Ser Sly Ala Ala Ph« Ser Pro Thr Phe Pro He Tyr Hat Val Phe Arg 

673 682 891 700 708 715 

TTC CTG TGT GGC TTT GGC ATC TCA 6GC ATT ACC CTS AGC ACC STC ATC TTS AAT 

Phe Lao Cys Sly Pha Sly Ma Ser Gly Ha Thr Lau Sar Thr Val Ua Lati A^n 
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15 



20 



35 



T27 736 745 754 7S3 772 

GTS SAA T6G GTG CCT ACC CGS ATS CSS SCC ATC ATS TCS ACA 6CA CTC 666 TAG 

Val Glu Tfp Vai Pro Th r Arfl Hat Are AJa lie Met Ser Thr.AIa Lou Gfy Tyr 

TBI 790 799 808 B17 826 

TSC TAG ACC TTT 6SC CAG TTC ATT CT6 CCC SGC CTG 6CC TAG 6CC ATC CCC CAG 

Cys Tyr Thr Phe Sly Gin Ph« He Leu Pro Gly L«u Aia Tyr Ala He Pro G*n 

835 844 853 862 B71 880 

TSG C6T TG6 CTG CAG TTA ACT GTS TCC ATT CCC TTC TTC QTC TTC TTC CTA TCA 

Trp Are Trp Lau 6rn Lao Thr Val Ser No Pro Ph« Pho Va f Pho Phe Leu Ser 

889 838 907 916 . 925 934 

TCC TGG Tae ACA CCA GAG TCC ATA CGC TG6 TTG 6TC TTG TCT 66A AAS TCC TCG 

Ser Trp Trp Thr Pro Glu Ser ltd Ar? Trp Lau Val LdU Ser Gly Lys Ser Ser 

943 952 961 970 979 988 

SAG 6CC CTG AAG ATA CTC CGG C66 STG 6CT GTC TTC AAT 6GC AAfi AAG GAA GAG 



Glu Ala Lau Lys lis L'u Arg Arg Val Ala Val Ph» Asn Gly Lys Lys Glu Glu 

BBl 1006 1015 1024 1033 1042 

GGA GAA AGG CTC A6C TTG SAG GAG CTC AAA CTC AAC CTG CAG AAG GAG ATC TCC 

Gty Glu Arg Leu Ser Lau Glu Glu Lau Lys Lau Aan L^u Gin Lys Glu I to Ser 

30 1051 1060 1069 1078 1 0B7 ia96 

TTG 6CC AAG 6CC AAG TAC ACC GCA A6T 6AC CTG TTC CGG ATA CCC ATG CTG CSC 

Lau At3 Lys Ala Lys Tyr Thr Ala Ser Asp Leu Phe Arfl ita Pro Met Lau Ars 



1105 1114 1123 1132 1141 n$0 

CGC AT6 ACC TTC TCT CTT TCC CTG SCC TGG TTT SCT ACC GST TTT GCC TAC TAT 

Ars Bet Thr Pha Cys Lau S«f Lau Ala Trp Phe A!a Thr Gly Pha Ala Tyr Tyr 

1158 lies 11T7 1186 1195 1204 

AGT TTG GCT ATG SGT 6T5 GAA GAA TTT G6A GTC AAC CTC TAC ATC CTC CAS ATC 

Ser Leu Ala (let 6 1y Vat Glu Glu Phe G)y Val Asn Leu Tyr lie Leu Gin Wo 

1213 1222 1231 1240 1249 1256 

ATC TTT GGT G8G STC GAT GTC CCA GCC AAG TTC ATC ACC ATC CTC TCC TTA AGC 



50 



J Is Phe Gly Gly Vai As? Ya! Pro Ala Lyc Pha Ms Th: Ha Lau Sa r Lau Sa r 

1267 1276 1286 T294 1303 1312 

TAC CTG GGC CGG CAT ACC ACT CAG GCC GCT GCC CTG CTC CTS GCA GGA 6GG GCC 

Tyr LflU Gly Arg His Thr Thr Gin Ala Ala Ala Lau Leu Lau Ala Gly Gly Ala 
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1321 1 330 133S U4« 1357 1 366 

ATC TTQ GCT CTC ACC TTT STS CCC TTG 6AC TT6 CAG ACC 6TG A6G ACA 6TA TTG 

^ I Jo L«u Al;i Lou Th r Pbo Val Pra Lett Asp Lau Gin Thr Va I Acq Th r Va { Leu 

1375 1 384 13S3 140 2 Ul t i4zo 

GCT GTG TTT 6GG AAG GGA T6C CTA TCC AfiC TCC TTC AGC TSC CTC TTC CTC TAC 

10 A(a I Pho 6lY tys Gly Cys Lau Ser Ser Ser Pbe S«r Cys l«o Phe Leu Tyr 

1 42S 1438 1447 1456 1465 1 474 

ACA AST GAA TTA TAC CCC ACA GTC ATC AGG CAA ACA CGT ATG GGC 6TA AGT. AAC 



15 



20 



25 



30 



35 



40 



45 



Thr S«r 6tu Lau Tyr Pro. 7hr Val Me Ara Gin Thr Gly tiet 6(y Val Ser Asn 

1483 1492 1501 1510 1S19 tS28 

CTG TGG ACC CSC GTG- GGA AGC ATG GTG TCC CCG CTG GTS AAA ATC ACG GGT GAG 

Leu Trp Thr Ara Val Gly Ser Met Vol Ser Pro Leu Va! Lya Me Thr 6iy Glu 

1537 1546 1555 1564 1573 1 582 

GTA CAG CCC TTC ATC CCC AAT ATC ATC TAC GGG ATC ACC GCC CTC CTC 6SG GGC 

Val Sin Pre Pha tfe Pro A^n Me Me Tyr Gly Me Thr Aia Leu Leu Gly Gly 

1613 1627 1 636 



AGT 


1591 
GCT GCC 


CTC 


1600 

rrc CTG 


CCT 


1609 
GAG ACC 


Se r 


Ala Ala 


Lea 


phe Lou 


Pro 


Glu Thr 


GAA 


1645 
SAC CTG 


GAA 


1654 
AAC TGG 


TCC 


1663 
CTG CGG 




Asp Leu 


Glu 


Asn Trp 


3er 


Lau Arg 


GTG 


1690 
GAA AAG 


GCC 


1708 
TCC CAG 


AGG 


1717 
ATC CCT 


Val 


Glu Lys 


AU 


Ser Gin 


Ars 


Me Pro 


TCC 


1753 
AGC TGA 










5a r 


Ser 











Example 6 

Identification of hOAT3 function 



[0054] By using T7 RNA polymerase, cRNA (RNA complementary to cDNA) was prepared in vitro from the plasm id 
comprising the hOATS recovered above by the method by Sekine, et al. (see Sekine, T., et a!. J. Biol. Chem., Vol. 272, 
so pp. 1B526-9, 1997). 

[0055] According to the already reported method of Sekine, et al. (Sekine, T, et al. J. Biol. Chem., Vol. 272, pp. 
1 8526-9, 1 997), the resulting hOAT3 cRN A was injected in the Xenopus oocyte; the oocyte was subjected to an uptake 
test with various radiolabeled organic anions and organic cations. The control oocyte cell (oocyte cell with no injection 
of hOATS cRNA) and the oocyte cell injected with hOAT3 cRNA were cultured in a buffer containing the following 
55 radiolabels for one hour, to assay the uptake of the radiolabels into the oocytes. 

[0056] The results are shown in Rgs. 6 to 18. In each figure, open column expresses the case of the control oocyte 
used; and closed column expresses the case of the oocyte injected with hOATS cRNA. Fig. 6 depicts the uptake activity 
of ""^C-PAH (p-aminohippuric acid) (10 nM); Fig. 7 depicts the uptake activity of ^H- strone sulfate (50 nM); Fig. 8 
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depicts the uptake activity of 3H-dehydroepiandrosterone sulfate (50 nM); Fig. 9 depicts the uptake activity of ^H-ochra- 
toxin A (1 00 nM); Fig. 10 depicts the uptake activity of 3H-clmetidine (150 nM); Fig. 11 depicts the uptake activity of ^H- 
estradiol glucuronide (50 nM); Fig. 12 depicts the uptake activity of -prostaglandin E2 (1 nM); Fig. 13 depicts the 
uptake activity of ^^-taurocholic acid (10 ^iM); Fig. 14 depicts the uptake activity of i^c-glutaric acid (10 jxM); Fig. 15 
depicts the uptake activity of ^H-methotrexate (100 nM); Fig. 16 depicts the uptake activity of ^^C-salicylic acid (1 m-M); 
Fig. 17 depicts the uptake activity of i^C-indomethacin (10 tiM); and Fig. 18 depicts the uptake activity of i^-cholic 
acid (10p.M). 

[0057] As shown in these figures, the values of these radiolabels in the oocyte with hOAT3 expression were higher 
than the values thereof in the control oocyte, suggesting that hOAT3 transported these compounds. 
[0058] Consequently, the oocyte with hOATS expression takes up i^C-PAH (p-anninohippuric acid). 3H-estrone 
sulfate. 3H.dehydroepiandrosterone sulfate, ^H-ochratoxin A, ^H-cinnetidine. 3H-estradiol glucuronide. 3H-prostaglan- 
din E2,'l4C-taurocho!icacid, i^-gtutaric acid, ^H-methotrexate, i*C-salicylic acid, f^c-indomethacin, and i*C-cholic 
acid. On contrast. hOAT3 never transported the typical organic cation ^^-TEA (tetraethylannmonium) (not shown in 

the figures). . . 

[0059] Then,thehOAT3transportoforganicanionswasexanninedattheMichaelis-Mentenkinet!Ctest.Byexannining 

the change in the hOAT3 uptake of estrone sulfate and nnethotrexate at various concentrations, the dependency of the 

OAT3 transport on the concentrations of these substances was exannined. The uptake experinnent of radiolabeled 

estrone sulfate and methotrexate was carried out by using the oocyte injected with hOAT3 cRNA and the control oocyte 

(with no injection of cRNA). by the method described above. Consequently, the Km values of estrone sulfate and 

methotrexate were 3.08 ^lM and 2.22 ^iM, respectively. 

[0060] So astoexaminethesubstrateselectivityofhOAT3, various anionic substances were added to the ^H-estrone 
sulfate uptake experiment system with the oocyte injected with hOAT3 cRNA, to examine their influences (inhibition 

experiment). . 

[0061] The 3H-estrone sulfate uptake experiment was conducted by using the oocyte injected with hOAT3 cRNA 

according to the method described above. 

[0062] More specifically, the control oocyte (oocyte with no injection of hOAT3 cRNA) and the oocyte with injection 
of hOAT3 cRNA were cultured in a buffer containing 50 nM 3H-estrone sulfate alone or containing non-radiolabeled 
compounds at 500 |iM or the concentration shown in the figure for one hour, to assay the uptake of 3H-estrone sulfate. 
When the uptake of 50 nM 3H-estrone sulfate singly contained in the buffer into the oocyte with injection of hOATS 
cRNA was designated 100 %. the individual uptake values in the buffer containing inhibitory agents were expressed 

in%. ^ , *^Lj * 

[0063] The results are shown in Fig. 1 9. As shown in Fig. 1 9. alt these compounds inhibited the uptake of ^H-estrone 
sulfate into the oocyte injected with hOAT3 cRNA. indicating that these compounds were interactive with hOAT3. Con- 
sequently, it was indicated that various anionic substances (estrone sulfate, PAH. taurocholic acid, probenecid, furo- 
semide, zidovudine, penicillin G, BSP, glutaric acid, indomethacin, and methotrexate) significantly inhibited the trans- 
port of 3H-estrone sulfate with hOAT3 (see Fig. 1 9). Alternatively, tetraethylammonium as one of typical organic cations 
never exerted any inhibitory action. Based on these results, it is evidenced that the inventive hOAT3 is a multi -selective 
organic anion transporter. 

Industrial Applicability 

[0064] The invention provides a novel organic anion transporter with wide substrate selectivity of organic anions and 
In selective distribution in brain and liver and the like. 

[0065] The inventive organic anion transporter is involved in the uptake of various drugs in cells and is also involved 
In the dynamics of drugs in biological organisms. Therefore, the inventive organic anion transporter is useful not only 
for the cell viability and activation but also for the screening of pharmacokinetics. 



Claims 

1 . A cerebral type organic anion transporter 0AT3. 

2. A cerebral type organic anion transporter 0AT3 according to claim 1 , wherein the cerebral type organic anion 
transporter OAT3 is of an amino acid sequence represented by SQ ID No. 2 or 4 in the sequence listing or of an 
amino acid sequence with such a modification of the amino acid sequence represented by SQ ID No. 2 or 4 as 
deletion of a part of the amino acid sequence, or substitution or addition with other amino acids. 

3. A nucleic acid encoding a protein of an amino acid sequence represented by SQ ID No. 2 or 4 in the sequence 
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listing or of an amino acid sequence with such a modification of the amino acid sequence represented by SQ ID 
No. 2 or 4 as del tion of a part of the amino acid sequence, or substitution or addition with other amino acids. 

4. A nucleic acid according to claim 3. wherein the nucleic acid is DNA of a base sequence repr sented by SQ ID 
5 No. 1 or 3 in the sequence listing. 

5. A nucleic acid comprising at least 1 4 consecutive nucleotides in series of the DNA of a base sequence represented 
by SQ ID No. 1 or 3 or a strand complementary to the 1 4 consecutive nucleotides In series. 

10 6. A nucleic acid according to claim 5, wherein the number of the nucleotides is 20 or more. 

7. An antibody capable of recognizing a cerebral type organic anion transporter OATS according to claim 1 or 2. 
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Figure 1 
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■ Figure 3 
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Figure 5 
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Figxire 6 
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Figure 8 
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Figure 10 
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' Figure 12 




Prostaglandin E2 (1 nM) 
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Figure 14 
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Fi^re 17 
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Figure 18 
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Fi^e 19 
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